Repetitive DNA sequences represent a substantial component of eukaryotic genomes. These sequences have been described and characterized in many mammalian species. However, little information about repetitive DNA sequences is available in bat species. Here we describe an EcoRI family of repetitive DNA sequences present in the species Miniopterus schreibersi. These repetitive sequences are 57.85 % A-T rich, organized in tandem, and with a monomer unit length of 904 bp. Methylation analysis using the isoesquizomer pair MspI and HpaII indicates that the cytosines present in the sequences CCGG are partially methylated. Furthermore, Southern blot analysis demonstrated that these DNA sequences are absent in the genomes of four related microbat species and suggest that it could be specific to the M. schreibersi genome.
Mammalian genomes are characterized by a large number of repetitive sequences, which have been actively studied. These sequences are highly variable from one species to another and constitute families of repetitive DNA that represent a substantial component of many eukaryotic genomes, from less than 10 % to more than 80 % of an organism's DNA content (RIDLEY 1996) . This highly repetitive DNA can exist either as interspersed DNA, in which the repeated DNA sequences are dispersed throughout the genome, or as long tandem arrays termed satellite DNA. The long tandem arrays of satellite DNA are associated with constitutive heterochromatin regions (SINGER 1982) . The centromeric localization of satellite sequences in autosomes C-bands have been reported in many species of mammals (MODI et al. 1988; FERNÁ NDEZ et al. 2001 ) including human (SCHWARZACHER-ROBINSON et al. 1988 ). These sequences are also located in other C-positive regions of chromosomes, such as telomeres and portions of sex chromosomes (MODI et al. 1988; HAMILTON et al. 1990) . Satellite DNAs are organized in tandem arrays of repeat units which are generally A-T rich and present high variability affecting monomer size, nucleotide sequence, copy number, and chromosome localization (CHARLESWORTH et al. 1994) .
The biological function of these DNA sequences has been subject to discussion. It has been proposed that they are involved in centromeric condensation, sister chromatic cohesion, telomeric maintenance, chromosome association with mitotic spindle, karyotypic evolution and chromosome rearrangement (SINGER 1982; VOGT 1992; HENNIG 1999; GARAGNA et al. 2001) .
Although repetitive DNA sequences are studied in almost all mammalian groups, in general little information is available at molecular level for these sequences in bats, the second largest mammalian order, which includes nearly 1000 species in existence. VAN DEN BUSSCHE et al. (1995) demonstrated that three types of repeat sequences (dinucleotide microsatellites, ribosomal DNA cistrons and a family of repetitive DNA sequences) have low copy numbers in the bat Macrotus waterhousii. BAKER et al. (1997) described the existence of three families of repetitive DNA specific to the genus Macrotus. BORODULINA and KRAMEROV (1999) described a SINE (short interspersed element) family in the genome of the bat species Myotis daubentoni. Recently BARRAGÁ N et al. (2002) have characterized a PstI family of repetitive DNA sequences present in three species of the genus Pteropus.
In this study we have characterized a EcoRI family of repetitive DNA sequences present in the microbat species Miniopterus schreibersi.
MATERIALS AND METHODS

DNA extraction
Genomic DNA of several individuals of the bat species M. schreibersi was extracted according to standard phenol-chloroform procedures (SAMBROOK et al. 1989 ).
Cloning and sequencing
Genomic DNA was digested with AluI, HindIII, AocI, BamHI, PstI, EcoRI or SacI restriction endonuclesases. After gel electrophoresis a prominent band of 904 bp in length can be seen in DNA samples digested with PstI, EcoRI and SacI. The EcoRI band was eluted from agarose gel and ligated with pGEM-T vector (Promega) as described by SÁ NCHEZ et al. (1996) . Briefly, the eluted DNA with 5% overhang was treated with 1 unit of Taq polymerase (Roche) using standard buffer and 2 mM of each dNTP, at 70°C for 2 h in a 20 ml reaction volume to fill the gap and generate 3% overhang ends with a single dATP. Seven microliters of the resulting product were used in a normal ligation reaction with 50 ng of pGEM-T vector, according to the supplier's instructions.
E. coli JM109 competent cells were transformed with the ligation reactions, and the recombinant bacteria containing the sequences of interest were selected by screening the plasmids on dot blot hybridization, using as probe the EcoRI eluted band digoxigenin-labelled by random priming (Roche).
The positive clones were sequenced in both directions using the Thermosequenase fluorescent cycle sequencing kit from Amersham. The sequence reactions were analyzed on a 6.5 % polyacrylamide gel in a LICOR-400L automated sequencer.
Southern blots
Genomic DNAs were digested with the appropriate restriction endonucleases. Fragments were separated in 1 % agarose gels and blotted onto Nylon membranes (Amersham) according to SAMBROOK et al. (1989) . Membranes were probed at 55°C overnight with the digoxigenin-labelled clone M.sch 4 (see below). Alkaline phosphatase detection was carried out according to the supplier's recommendations (Roche).
Dot blots
Serial dilutions of genomic and cloned DNA (M.sch 4) were denatured by boiling and placed on Nylon membranes using a slot-blot apparatus, rinsed in 2 × SSC, dried and UV crosslinked. The 904 bp insert of clone M.sch 4 was isolated after digestion with EcoRI and used as probe after Dig-labelling by random priming. Hybridization and detection conditions were the same as described for Southern blots.
Sequence analysis
Pairwise sequence alignment and multiple alignment were carried out with the program CLUSTAL W 1.6 (THOMPSON et al. 1994) . Genetic distances were calculated according to KIMURA's (1980) two-parameter method, and the resulting distance matrices were subjected to neighbour-joining analysis (SAITOU and NEI 1987) . A consensus tree was constructed, and the significance of the phylogenetic lineages was assessed by bootstrap analysis with 1000 replications. The phylogenetic analyses were carried out using the MEGA program, Version 1.02 (KUMAR et al. 1993) . A sequence homology search was performed in the GenBank database using BLASTN 2.2.2 with default parameters (ALTSCHUL et al. 1997) .
RESULTS AND DISCUSSION
Although some recent studies about repeated sequences in bat have been carried out, little information is currently available at molecular level. Here we present an EcoRI family of satellite DNA from the genome of the Vespertilionidae species M. schreibersi.
Digestion of genomic DNA from M. schreibersi with EcoRI, SacI or PstI enzymes and further electrophoresis show a prominent 904 bp band. When genomic DNA of this species is digested with one of these endonucleases and probed with the 904 bp EcoRI band or with clone M.sch 4 (see below), a regular ladder pattern of bands appears (Fig. 1a) . This result implies that the repetitive DNA detected with these restriction enzymes are the same sequences, and that the target sequences for these enzymes are present within this repetitive DNA family. In fact, the sequences of all monomer units sequenced present target sequences for PstI and SacI enzymes (Fig. 2) . In general, the size of each band of the ladder corresponds to the size of multimers of the monomer unit of 904 bp. Nevertheless, when genomic DNA is digested with PstI, a band of approximately 450 bp is present. Furthermore, digestion with SacI also originated two bands in the Southern blot below the monomer unit, but in the case of EcoRI this happened only once. These additional bands could be due to the presence in some monomer units of base changes that give rise to the target sequences for those enzymes. That is the case of the clones M.sch 80 and M.sch 67, which present an additional PstI target site (Fig. 2) . The additional PstI sites in M.sch 67 could explain the band of approximately 450 bp observed in Southern blots when the genomic DNA was digested with this enzyme (this monomer is cut throughout the genome or clustered in tandem arrays. The presence of a ladder pattern in Southern blot clearly indicates that these repeated sequences in M. schreibersi are arrayed in tandem. It is likely, as occurred with other repeated DNA sequences present in eukaryotic genomes (FERNÁ NDEZ et al. 2001) , that the bands containing several monomer units are originated by base change mutations that modify the target sequences for the restriction enzymes PstI, EcoRI and SacI.
After ligation with pGEM-T vector, transformation of E.coli and screening, seven positive clones were obtained: M.sch 4, 22, 53, 62, 67, 70 and 80. Sequence alignment allowed the determination of the consensus sequence for the monomer unit. The length of the consensus sequence was 904 bp. Although some of the clones were incomplete, such as M.sch 22 and 80 with lengths of 783 bp and 875 bp respectively, the length of the complete cloned monomers was 904 or 905 bp (Fig. 2) . The consensus sequence is 57.85 % A-T rich. A high A-T content is considered to be a general feature of most satellite DNAs, as is the case for several rodent species which range from 60 % to 63 % (SINGER 1982). However, in species of the genus Pteropus (megabat) we have cloned a G-C rich family of satellite DNA (BARRAGÁ N et al. 2002) , despite the fact that the genomes of Pteropus species are characterized by a high A-T content (PETTI-GREW and KIRSCH 1995). Fig. 2 shows the alignment of the consensus sequence with the cloned monomer units. The identity with the consensus ranges between 89.56 and 97.69 %. Comparative analysis demonstrated that base substitution mutations are randomly spread along the sequences and that there is a high sequence identity, with a percentage of identity between different monomer units ranging between 86.92 and 96.15 %.
We estimated by dot blot hybridization that this repetitive DNA family represent approximately 1 % to 2 % of the whole genome of this species. However, when genomic DNAs from other microbat species, Eptesicus fuscus, E. serotinus, Pipistrellus pipistrellus and Rhinolophus hipposideros were digested with EcoRI and probed with the repetitive sequence of Miniopterus, no bands were observed (data not shown). This result implies that these sequences are probably absent in the genomes of these species, and hence could be specific to the M. schreibersi genome. Furthermore, a BLAST search in GenBank nucleotide sequence with the consensus sequence did not find any significant sequence homology with repetitive or non-repetitive DNAs from other organisms.
As repetitive DNA sequences are known to be subject to hypermethylation, we investigated the with this enzyme in two fragments of 446 and 471 bp long). However, the additional sites found in the M.sch 80 clone must give rise to bands of approximately 318 and 596 bp which are absent in Southern blots. The absence of these bands in the Southern blot can be explained if the monomers similar to M.sch 80 are less abundant than those similar to M.sch 67. No additional SacI or EcoRI target sites are present in sequenced monomers. However, partial target sites for both enzymes (SacI partial sites: GA-CTC, GAGCaC and aAGCTC; EcoRI partial sites: aAATTC, GAcTTC) can be found in the consensus sequence and in some particular monomer unit sequences (Fig. 2) . That means that a single base substitution could give rise to new target sites and could probably explain the additional bands observed in Southern blots.
Two main types of highly repeated sequences occur in mammalian genomes: repeated sequences dispersed Fig. 2. Fig. 2 . Sequence alignment of the consensus sequence with the seven monomer units cloned after EcoRI digestion. Target sequences for PstI are in bold and double underlined, while target sequences for SacI are in bold and single underlined. Target sequences for MspI/HpaII are in bold and underlined by a dotted line. These sequences have been submitted to GenBanK and have been assigned the accession numbers AJ416094 to AJ416100. methylation status in the CCGG sequences of this repetitive DNA in M. schreibersi. The genomic DNA was completely digested independently with the methylation-insensitive enzyme MspI and with the methylation-sensitive enzyme HpaII. After Southern blot the membrane was probed with the clone M.sch 4 labelled with digoxigenin. Genomic DNA showed a regular pattern of bands with both enzymes (Fig. 1b) . This is consistent with the fact that the target site for these restriction endonucleases is present in some of the sequenced monomer units of this repetitive DNA (only the clones M.sch 53 and 67 do not present this arisen by duplication or amplification from the same original satellite sequence. It is possible that one of the two sequences (M.sch 53 or 67) has diverged from one of the other sequences and then served as a template to form the group of M.sch 53-67. However, phylogenetic inference reveals that genetic distances between repeat units of the same group are smaller than genetic distances between repeat units from different groups. Hence, it is likely that at least two different forms of this satellite DNA are evolving in partial or total isolation. The same substitutions have occurred in several clones of this satellite DNA at the same position in the sequences of both groups (Fig. 2) . Such a mutational pattern could be explained as the result of homogenization processes operating in each group. Homogenization processes occur due to unequal crossing-over and amplification of some particular monomer variations, which can be spread throughout the whole satellite (DOVER 1986). However, in this case the spread of the variants could be restricted to each group of sequences. This could be the case if there are at least two different clusters of these repeat sequences in the genome and each cluster might contain a specific monomer variant.
Another possibility is that the monomer units from the two different groups could occur within the same tandem repeat or cluster of this satellite DNA. This is the case of the satellite MSAT-160 described in species of the genus Microtus, in which the tandem blocks are formed by combinations of monomer units of the four subfamilies present in this repetitive DNA (SHEVCHENKO et al. 2002) . target site). However, there are differences in the intensity of the bands between MspI and HpaII digested DNA, as they are more intense in MspI digested samples (Fig. 1b) . This result can be explained if HpaII can digest some, but not all, the monomer units. Hence, in this repetitive DNA some monomer units could be methylated, but others are not. We can conclude that the cytosines present in the CCGG target sites in this repetitive DNA sequence are partially methylated in this species.
A neighbor-joining tree using Kimura-2 parameter distances was constructed using 7 monomer units (Fig. 3) . Most branches are not well supported when discriminating between different monomers. However, there are clearly two groups of monomer units separated on different branches with 100 % bootstrap value. One of these groups includes monomer units M.sch 53 and 67, and the other the rest of the monomers. In fact, the alignment of the monomer units 53 and 67 with the rest of monomers showed the existence of multiple base changes present exclusively in these two clones (Fig. 2) . Furthermore, is interesting to note that the clones M.sch 53 and 67 showed a percentage of identity with the consensus sequence of 89.56 and 90.11 %, respectively, while for the remaining clones this percentage was always over 97.21 %. Furthermore, these two clones are more similar to each other than to the other clones.
In the same way, four groups or subfamilies of the satellite DNA MSAT-160 have been described in species of the genus Microtus (SHEVCHENKO et al. 2002) , which are differentially represented in the genome of four species analysed.
It is clear that the different monomer unit groups described in M. schreibersi satellite DNA could have
